Coupled-enzyme and direct assays for uroporphyrinogen III synthase activity in human erythrocytes and cultured lymphoblasts. Enzymatic diagnosis of heterozygotes and homozygotes with congenital erythropoietic porphyria.
Rapid and reproducible assays for uroporphyrinogen III synthase (URO-S; EC 4.2.1.75) have been developed and used to determine the enzymatic activity in human erythrocytes and cultured lymphoid cells. In the coupled-enzyme assay, porphobilinogen was first converted to hydroxymethylbilane, the natural substrate for URO-S, by hydroxymethylbilane synthase which was conveniently obtained from heat-treated erythrocyte lysates. In the direct assay, synthetic hydroxymethylbilane was used as substrate. In both assays, the uroporphyrinogen reaction products were oxidized to their respective uroporphyrin isomers, which were then resolved and quantitated by reversed-phase high-pressure liquid chromatography. Both assays were optimized for pH, substrate concentration, and linearity with time and protein concentration. The mean URO-S activities in normal human erythrocyte lysates determined by the coupled-enzyme and direct assays were 7.41 +/- 1.35 and 7.64 +/- 1.73 units/mg protein, respectively. In normal human cultured lymphoid cells, the mean activities were 13.7 +/- 1.39 and 17.6 +/- 1.15 units/mg protein for the coupled-enzyme and direct assays, respectively. In four families with congenital erythropoietic porphyria, both assays reliably identified the markedly decreased URO-S activities in erythrocytes and cultured lymphoid cells from affected homozygotes and the half-normal activities in these sources from obligate heterozygotes. The coupled-enzyme assay was easier to perform and was suited for clinical diagnostic assays and for monitoring enzyme purification procedures, while the direct assay, which required substrate preparation and technical dexterity, was best for kinetic studies of URO-S.